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A. Multielectron Correlation Effects in Collisions

A.1. Probing Correlations through Spin-Orbit Interaction
Recently, a new aspect of interchannel coupling has been found [1], known as spin-orbit

activated interchannel coupling, stimulated by an experimental study on photoionization of Xe in
the vicinity of the 3d threshold. This effect results only through the spin-orbit splitting of inner-
shell thresholds. Effects of spin-orbit activated interchannel coupling on nondipole [2]
photoelectron angular distribution asymmetry parameters have been discussed, including the
spin-polarization of photoelectrons from 3d electrons of Xe, Cs and Ba, concluding that through
spin-orbit interaction polarization can be achieved and correlation probed.

A.2 Dramatic Distortion of the 4d Giant Resonance by the C60 Fullerene Shell
The recent encapsulation of molecular hydrogen in fullerene C60 using a molecular

surgical method and the possibility of preparing a series of C60 fullereness, encapsulating either
small atoms or molecules [3], has prompted this study. The photoionization cross section for the
endohedral Xe@C60 atom has been investigated [4,5] within the framework of representing the
C60 by a delta-type potential with very interesting results. Results demonstrate that in Xe@C60,
the 4d giant resonance is distorted significantly when compared with that of the isolated Xe
atom. The reflection of the photoelectron waves by the C60 causes strong oscillations in the
photoionization cross section resulting in the replacement of the Xe 4d giant resonance by four
prominent peaks. The approximation of C60 by an infinitely thin real potential preserves
reasonably well the sum rule for the 4d electrons but modifies the dipole polarizability of the 4d
shell.

A.3 Giant Resonances in Xe+, I and I+
We have utilized the recently developed RPAE method [6], which can be used to study

the inner-shell electron transition of an open shell atom, to calculate the photoionization cross
section of the Xe+ 4d - Ef, so called giant resonance. We first create the ground state of Xe+
4d"5s2 5p5 (2 P) and core wave functions of 4d9 5s2 5p5 (1 P, 'D, 'F, 3p, 3D, 3F) through self-
consistent HF calculations. Then radial functions of the continuum electron are obtained by
solving the linear HF equations without self-consistency using those core wave functions. The
reduced dipole matrix elements for the relevant transitions are evaluated using our previous
operator method. After evaluating the Coulomb matrix elements, the RPAE equation was solved
and we obtained the 2S, 2p, and 2D partial cross sections. The maximum of the total cross
section, 24.4 MB at the photon energy of 96.3 eV from our RPAE calculation agrees very well
with the experimental maximum of (27±3) MB at the photon energy of 95eV.

The 4d giant resonances of I and I+ have been calculated using our recently developed
RPAE program [6]. The results for I+ agree quite well with the recent experimental data.
However, for the I atom the RPAE results for the 4d giant resonance yields maxima at 102 eV of
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23.8 MB (length) and 19.6 MB (velocity), which are still much higher than the experimental
maximum of 6.5 MB at 91 eV

A.4 Near Threshold Behavior of Angular Anisotropy Parameters in Negative Ions Photo-
Detachment

We have investigated the near threshold behavior of the dipole and nondipole angular
anisotropy parameters in atomic photoionization by performing both analytical and numerical
calculations. The numerical calculations of the angular asymmetry parameters were performed
both in the one-electron Hartree-Fock (HF) approximation and with account of the many-
electron correlations within the framework of the Random Phase Approximation with Exchange
(RPAE). The results of our calculations are presented for the outer and intermediate subshells of
the iodine negative ion I and contrasted with those of the neutral neighbor atom Xe. Essentials
differences in the HF and RPAE near threshold behavior of the angular distribution parameters
between the negative ion and the neutral atom are demonstrated[7].

B. Complex Angular Momentum Methods for Regge-Poles Calculation

Recently, the complex angular momentum (CAM) theory for integral cross sections has
been introduced and used to demonstrate the oscillations, a general feature of potential
scattering, in the integral elastic scattering cross sections for proton impact on atomic hydrogen.
The method avoids the details of Stokes' and anti-Stokes' lines, a draw-back of the semi-
classical methods. The Pad6-Regge approach has been illustrated with several one-particle
potential problems [8]. We continue to develop methods that avoid the explicit use of Stokes'
and anti-Stokes' lines [9], with the collaboration of Professor Sokolovski of Queen's University
of Belfast.

Invitations
The Hebrew University of Jerusalem, Jerusalem, Israel 3/2/05 - 3/14/2005
The Queen's University of Belfast, Belfast, Northern, Ireland, UK, 3/31/05 - 4/5/2005

(Presented Invited Talk)



Publications Acknowledging Grant (only those with 2005) January 1 - July 31, 2005

[1] M. Ya. Amusia, LV. Chernysheva, S.T. Manson, A.Z. Msezane and V. Radojevic, Phys.
Rev. Lett. 88, 093002 (2002)

[2] "Non-dipole Effects in Spin-Polarization of Photoelectrons from 3d electrons of Xe, Cs
and Ba", M. Ya. Amusia, N.A. Cherepkov, L.V. Chernysheva, Z. Felfli and A.Z.
Msezane, J. Phys. B38, 1133 (2005)

[3] K. Komatsu, M. Murata and Y. Murata, Science 307, 238 (2005)
[4] "Dramatic Distortion of 4d Giant Resonance by the C60 Fullerene Shell", M. Ya. Amusia,

A.S. Baltenkov, L.V. Chernysheva, Z. Felfli and A.Z. Msezane, J. Phys. B38, L169 (2005)
[5] "Modification of the 4d Giant Resonance by the C60 Shell in Molecular Xe@C60", M. Ya.

Amusia, A.S. Baltenkov, L.V. Chernysheva, Z. Felfli and A.Z. Msezane, Journal of
Theoretical and Experimental Physics, In Press (2005)

[6] Zhifan Chen and A.Z. Msezane, Phys. Rev. A, Submitted (2005)
[7] "Near Threshold Behavior of Angular Anisotropy Parameters in Negative Ions Photo-

Detachment", M.Ya. Amusia, A.S. Baltenkov, L.V. Chernysheva, Z. Felfli and A.Z.
Msezane, Phys. Rev. A71, October (2005)

[8] "A Semiclassical CAM Theory and PADE Reconstruction for Resonances, Rainbows and
Reaction Thresholds", D. Sokolovski and A.Z. Msezane, Phys. Rev. A70, 032710 (2004)

[9] "Complex Angular Momentum Methods for Regge-pole Calculations" A.Z. Msezane, in
Semiclassical and Other Methods for Understanding Molecular Collisions and Chemical
Reactions, Eds. S. Sen, D. Sokolovski and J.N.L. Connor (CCP6, Daresbury, 2005)



REPORT DOCUMENTATION PAGE AFRL-SR-AR-TR-05-

Public reporting burden for this collection of information is estimated to average 1 hour per response, including ii is,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send' O tis
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services 3n
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperw

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

I 1 01 May 2004 - 30 Jun 2005 FINAL
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

(HBCU/MI) COLLISION PHYSICS IN ATMOSPHERIC PRESSURE 61102F

NON-EQUILIBRIUM PLASMAS 4113/HX

6. AUTHOR(S)

DR MSEZANE

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

CLARK ATLANTA UNIVERSITY REPORT NUMBER

223 JAMES P BRAWLEY DRIVE SW
ATLANTA GA 30314-4391

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING

AFOSR/NE AGENCY REPORT NUMBER

4015 WILSON BLVD
SUITE 713 FA9550-04-1-0241

ARLINGTON VA 22203

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

DISTRIBUTION STATEMENT A: Unlimited

13. ABSTRACT (Maximum 200 words)

A. 1. Probing Correlations through Spin-Orbit Interaction
A.2. Dramatic Distrotion of the 4d Giant Resonance by the C60 Fullerence Shell

A. 3. Gaint Resonances in Xe +, I and I+
A.4. Near Threshold Behavior of Angular Anisotropy Parameters in Negative Ions PhotoDetachment
B. 1. Complex Angular Momentum Methods for Regge-Poles Calculation

14. SUBJECT TERMS 15. NUMBER OF PAGES

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified Unclassified UL
Standard Form 298 (Rev. 2-89) (EG)
Prescribed by ANSI Std. 239.18
Designed using Perform Pro, WHS/DIOR, Oct 94


